1. We have examined the effects of (a) reducing the density of the inspired gas and of (b) increasing inspired oxygen concentration on the exercise performance of eight men with chronic obstructive bronchitis (COB).
1. We have examined the effects of (a) reducing the density of the inspired gas and of (b) increasing inspired oxygen concentration on the exercise performance of eight men with chronic obstructive bronchitis (COB).
2. Each subject performed two types of exercise test breathing three different gas mixtures: air, 35% oxygen in nitrogen and 21% oxygen in helium. The exercise capacity, ventilation and heart rate were recorded. Indices of pulmonary mechanics were measured to determine where and how any change in ventilatory capacity might have been achieved.
3. (a) Effort tolerance at a constant load (70% capacity breathing air) was greater when the inspired gas mixture was 35% oxygen in nitrogen than when air or 21 % oxygen in helium was breathed.
(b) Peak expiratory flow (PEF) was greater when the helium mixture was breathed, but the forced expiratory volume in 1 s (FEV,) and maximum expiratory flow at 50% vital capacity (MEFSOX) were the same as when breathing air. Effort tolerance was the same breathing the helium mixture and air in both the progressive and constant load tests.
(c) PEF, FEV and MEF5O% were greater immediately after than before exercise on all gas mixtures.
4. It is concluded that a reduction in the density of the inspired gas does not improve effort tolerance in patients with COB. Possible reasons for this lack of benefit are discussed.
In normal subjects it has been shown that a reduction in the density of the inspired gas results in an increased ventilatory capacity (Miles, 1957; Maio & Farhi, 1967) , and a reduction in oxygen consumption at a given level of exercise (Murphy, Clark, Buckingham & Young, 1969) .
676

A . C . Raimondi et al.
The latter effect has been ascribed to a reduction in the oxygen cost of breathing. The normal subjects studied by Murphy et al. did not show any increase in maximum exercise capacity, but this is not surprising since ventilation does not appear to be the factor limiting exercise in such subjects.
In patients with chronic obstructive bronchitis (COB) however, the reduced ventilatory capacity is probably a major factor limiting exercise (Clark, Freedman, Campbell & Winn, 1969) and the oxygen cost of breathing is high (Levison & Cherniack, 1968) , so breathing a low density gas mixture might result in a useful improvement in their exercise ability. In this paper we describe the effects of breathing 21% oxygen in helium (a mixture 0.34 as dense as air) on the exercise performance of eight patients with COB. The results are compared with exercise performance when breathing air and also when breathing 35% oxygen, which has previously been shown to be effective in prolonging exercise in such patients (Cotes & Gilson, 1956 ).
P A T I E N T S A N D M E T H O D S
Eight men aged 51-70 years were selected from patients attending a bronchitis clinic. They were known to be capable of exercising for 6 min to at least 300 kpm/min, although having 1 s forced expiratory volumes (FEV,) reduced to between 0-55 and 0.95 1. (mean 0.74). Also listed in Table 1 are values for vital capacity (VC) and residual volume (RV) measured in the body plethysmograph, the single breath transfer factor for carbon monoxide (TLco) and the mixed venous Pco, (Pv,co,) obtained by the rebreathing technique, in the eight subjects.
The breathing mixtures chosen were room air (A) 21% oxygen in helium (He), and 35% oxygen in nitrogen (0), which have relative densities of 1.0, 0.34 and 1.03 respectively.
Subjects exercised in the upright posture on an electrically stabilized load cycle ergometer (Elema) and breathed through a low dead space, low resistance respiratory circuit (see Fig. 1 ). Inspired ventilation was measured by a dry gas meter (Parkinson Cowan, C.D.H.) which varied less than 5% from linearity when calibrated at physiological volumes and frequencies. Expired air could be directed through a two way tap either to the atmosphere or into a closed circuit including a CO, absorber. When desired, ventilation could be directed into a separate circuit for measuring flow-volume relationships. Flow was measured with a Fleisch No. 4 pneumotachograph, and Hilger I.R.D. micromanometer, which was arranged so that air was always displaced across the pneumotachograph screen whatever the breathing mixture. The electrical output of the micromanometer was displayed on a Sanborn multi-channel recorder (Type 7708A) and also fed into an electronic integrator. The integrator output was displayed on another channel of the Sanborn recorder. These flow (direct) and volume (integrated) signals were then fed from the recorder to the X and Y axes of a storage oscilloscope (Tektronix type 564), from which expiratory flow-volume envelopes were recorded. The FEV, could be determined directly from the volume recording against time and the peak expiratory flow (PEF), and maximum expiratory flow at 50% vital capacity (MEFSOZ) were read from the maximum expiratory flow-volume envelope. The gas composition at the mouth was monitored by a mass spectrometer (A.E.I. model MS4). Heart rate was derived from an ECG signal using a Devices Neilson cardio-tachometer.
The subjects attended the laboratory on 2 separate days. On the first day they performed a progressive exercise test in which work was begun at 100 kpm/min and increased by 100 kpm/ min each minute until the subject was unable to continue. On another day, exercise was performed at a single load (Stage 11) which was approximately 70% of the maximum achieved on air in the first study (Stage I). Again the test lasted until the subject felt unable to continue. The different gas mixtures (A, He and 0) were breathed in both exercise studies (Stages I and 11) with a recovery of at least 30 min being allowed between each exercise period. As all the patients showed some improvement in airways obstruction with sympathomimetic aerosols (Table l) , a metered dose of isoprenaline aerosol (Medihaler Is0 0.1 mg) was given 10 min before each period of exercise. The desired gas mixture was introduced with the subject breathing through the open circuit (see Fig. 1 ). When the required gas concentrations were achieved the circuit was closed and the inspired oxygen pressure maintained constant at 285k 10 mmHg (35% 0,) or 160+ 10 mmHg (21% 0,) by the introduction of 100% oxygen into the circuit in amounts monitored with the mass spectrometer. Inspired CO, pressure was kept below 2 mmHg and with mixture He the nitrogen concentration was 5"/, or less. Resting measurements of ventilation and heart rate were made with the breathing mixture stable. The subjects then began exercise, ventilation and heart rate being continuously recorded. The order of gases and the loads achieved for each subject are shown in Table 2 . The circuit for assessing the flow-volume relationships was only used in the Stage I1 experiments when maximum expiratory flow-volume loops and FEV, were recorded at rest immediately before exercise commenced and immediately following exercise. All resting measurements subsequently mentioned were obtained after isoprenaline inhalation. The breathing mixtures were presented to the subjects in random order and later inquiries showed they were unaware which mixtures they had breathed. All gas volumes were expressed in litres BTPS.
Helium and 35% oxygen in bronchitis
R E S U L T S
The most striking effect in this series of experiments was the prolongation of exercise breathing mixture 0 in the Stage I1 study ( Table 3 ). All the results are recorded below, the two stages being considered separately. 
Stage I
No signscant differences in final ventilation, heart rate or endurance time were demonstrated between the gas mixtures. Fig. 2 shows the average values for ventilation and heart rate recorded over the last 20 s of each load. The shaded areas represent the mean value & 1 SD obtained from seventeen healthy men aged 40-60 years breathing air (Hart & Jones, unpublished observations from this laboratory). Patients in the present study showed normal heart rates and marginally higher ventilation at higher work loads.
The final ventilation achieved on progressive exercise was 27% greater than the maximum breathing capacity predicted from the FEV, (MBC = FEV, x 35; Gandevia & Hugh Jones, 1957). Heart rates however fell short by a mean of 17% of the population maxima when age was taken into account (Astrand, 1952) .
Stage ZZ
In this study a single load was chosen which could be maintained for 4-5 min when breathing air. For each individual the load was approximately 70% of the maximum he achieved in the Stage I test, representing for each subject a comparable physiological stress.
Endurance time was significantly prolonged by mixture 0, the mean increase being 35%
(P< 0.005). Endurance was also greater breathing He than breathing air, but this increase was not significant ( P > 0.05). The relationship between ventilation and time for each subject breathing the three mixtures is shown in Fig. 3 . Breathing the He mixture the subjects achieved a higher mean final ventilation than on air (P<0.02). Breathing mixture 0 this value was not significantly different from that on air (P< 0.9). As in the Stage I study the final ventilation consistently exceeded the predicted MBC by a mean of 26.5% and the final heart rates fell short of the predicted maximum values by a mean of 19%, on all the gas mixtures. There was no difference between the final heart rates on the different mixtures.
Three indices of pulmonary mechanics, PEF, MEFSOX and FEV,, were measured before and immediately after exercise on each gas mixture. The only index to be significantly altered by reducing the density of the inspired gas was the PEF ( P = 0.01 rest and 0.003 after exercise). FEV, and MEFSOX were both increased on the He mixture, but to a small and insignificant extent ( Table 4) . Much more striking was the effect of exercise irrespective of the gas breathed. Table 4 shows the mean values measured before and immediately following exercise for the individual gases, and the totals for all gases. The FEV, in particular was markedly increased by exercise for each individual gas ( P = 0.05 or less) and for all the mixtures together (P<O.OOOl). 
DISCUSSION
Exercise duration
Altering the gas mixture in the Stage I (progressive) test did not affect the duration of exercise. In the Stage I1 (single load) test endurance was increased by 3040% breathing 0, but was unchanged breathing He despite an increase in the final ventilation of 9%. The apparent discrepancy between the effects of 0 on the duration of the two types of exercise test is probably explained by the differences in procedure. In the Stage I1 test the subject merely has to continue to sustain a fixed load to increase his endurance time. In the Stage I test the subject has not only to cycle for a longer period, but also with each minute he succeeds in sustaining exercise there is a 100 kpm/min increasein load; in patients with limitedexercise tolerance this increment may represent as much as 25% of capacity. As a result increases in endurance time in the Stage I test will only occur if changing the inspired gas mixture has relatively large effects.
Heart rate
In neither Stage I nor Stage I1 exercise was the heart rate depressed by oxygen, which conflicts with the observations of Cotes, Pisa & Thomas (1963) . This may have been due to the administration of isoprenaline before exercise. Breathing helium during exercise had no effect on the changes in heart rate.
Ventilation during exercise
Helium breathing caused an increase in final ventilation on both Stage I and Stage I1 exercise (12 and 9% respectively). This supports the original hypothesis. Oxygen, however, had no effect on the final ventilation in either the progressive or the single load test. The latter result confirms that of Cotes & Gilson (1956) who showed no change in final ventilation in six patients whose endurance on a standard treadmill test was prolonged by 30% oxygen. Fig. 3 shows that there were wide variations in the individual changes which contributed to this overall pattern, but in no patient did a plateau of ventilation develop when breathing air or helium, even when a constant load could be sustained for as long as 5 min. On oxygen only one patient (J.M.) developed a plateau at b $featly reduced level of ventilation, whilst in three patients (E.L., W.B., W.C.) prolongation of exercise on oxygenwas associatedwitha slower rate of rise of ventilation after 2 min of exercise had been completed. Hence the similar final ventilations on air and oxygen in the single-load test cannot be interpreted as indicating that oxygen invariably has its effect by allowing the patient to sustain a 'steady-state' ventilation for a longer time. This pattern was only approached in two patients, H.G. and P.M. In this respect it is interesting to note that in a further study Cotes et al. (1963) showed that ventilation was less when breathing oxygen than when breathing air during the fifth minute of a single-load exercise test. Many of our patients were not able to exercise as long as 5 min so no complete comparison with the results of these workers is possible, but our patient E.L. shows both the findings reported by them: final ventilation on A and 0 are nearly identical but ventilation in the fifth minute of exercise is lower breathing 0.
The progressive rise in ventilation we noted in our bronchitic subjects is found in normal subjects at the highest work loads, but in tests at two-thirds of capacity normal subjects achieve 80-90% of their '5 min' exercise ventilation in the first 2 min (Edwards, 1969) . Further studies in patients with chronic bronchitis have shown that plateaux of ventilation are achieved after a few minutes at lower relative work loads than those used in the present study (Leaver & Davies, unpublished observations).
Mechanics of breathing
Lowering the density of the inspired gas has been shown in normal subjects to reduce the airways resistance (Maio & Farhi, 1967) , to reduce the oxygen consumption for a given work load during exercise (Murphy et al., 1969) and to result in increased maximum flow rates during inspiration and throughout most of expiration (Maio & Farhi, 1967; Schilder, Roberts & Fry, 1963) . A reduction in density will reduce the pressure required to move gas when flow is turbulent (pressure c1 density x flow'), but should not affect the pressure required for laminar flow (pressure ct viscosity x flow). In practice, Maio & Farhi (1 967) have shown that in normal subjects the flow resistive pressure is reduced on breathing low density gas mixtures even at very low flow rates, implying that flow is non-laminar.
The helium-oxygen mixture we used has a density of 0.34 as compared to room air; this results in an approximately 25% increase in PEF and 15 s maximum voluntary ventilation in normal subjects. If a similar proportionate increase were found in patients with COB their exercise performance should be improved. In our patients, however, PEF was the only measurement of expiratory flow to improve (mean rise of 26%). We do not understand the reasons for this lack of change in other maximum flow rates. Although these patients differ from normal subjects in that their maximum expiratory flow is effort independent over almost all the vital capacity, Schilder et al. (1963) showed that even in normal subjects maximum expiratory flow was increased in the range 60-25% vital capacity where flow is normally effort independent.
The improvement in lung mechanics after exercise is striking. In asthmatic patients it has been observed that PEF is increased during exercise, although there may be some subsequent deterioration (Irnell & Swartling, 1966) .
In the light of this discrepancy between resting and post-exercise mechanical indices, and the stress that is laid on these indices as an indication of ventilatory capacity, PEF, FEV,, and MEF50% were correlated with the final ventilation (see Table 5 ). In each case the post exercise index was more closely correlated with the final ventilation than the resting one. The FEV, (after isoprenaline) was the only resting index to be significantly related to ventilatory performance and in our subjects the mean final ventilation was related to the mean resting FEV, by the formula: VFINAL = 39*5xFEV1 and to the mean post exercise FEV, by: VFrNAL = 34.5 x FEV,. It is concluded that reduction in gas density does not improve exercise performance in patients with COB. Exercise appears to have a striking effect on ventilatory mechanics and the reason awaits further investigation.
